Background: This longitudinal study sought to identify groups of breast cancer survivors exhibiting distinct trajectories of depressive symptoms up to 24 months following diagnosis, and to describe characteristics associated with these trajectories.
Introduction
In 2015, an estimated 231,840 American women will be diagnosed with breast cancer, the most common cancer among women in the United States (1) . Depressive symptoms are common among breast cancer patients, with prevalence estimates of persistent depressive symptoms ranging from 12% to 25% (2) (3) (4) . Depressive symptoms have a major impact on quality of life and treatment adherence and may contribute to increased mortality (5) (6) (7) (8) (9) . For these reasons, ASCO has recently recommended a series of guidelines to better enable clinicians to recognize and treat cancer patients and cancer survivors who show symptoms of depression (10) .
The majority of studies on depression among breast cancer patients focus on the first year following diagnosis when risk of depression is greatest (2, (11) (12) (13) (14) (15) (16) . These studies, however, report mean symptom scores according to predefined group status (e.g., age group) thus obscuring the heterogeneity that exists among patients. Examination of different patterns of depressive symptoms can provide a more nuanced picture of such heterogeneity and identify women in need (and those not in need) of intervention, thus aiding in better targeting interventions. Bonanno (17) presents evidence that many people show resilience and do not report any psychologic symptoms following trauma or loss and proposed four distinct patterns of adjustment to traumatic life events. In addition to a large group of people who show no signs of distress (resilience), other patterns include recovery, delayed distress, and a stable high level of distress. Several studies have grouped cancer patients on the basis of scores above or below a cutoff point at more than one timepoint and find patterns similar to those proposed by Bonanno (2, 18, 19) .
Although providing useful information on patterns of distress and prevalence data on these patterns, the use of predetermined categories may limit what can be learned about underlying heterogeneity and does not allow for examination of latent classes of trajectories. Recent studies conducted among women with breast cancer have used statistical models such as growth mixture modeling to classify women into distinctive trajectories of psychologic outcomes, so that there is homogeneity within a trajectory group in scores over time and heterogeneity between groups (12, (20) (21) (22) (23) . Except for Helgeson and colleagues (22) who looked at overall mental health, these studies are limited by their short follow-up period of one year or less. The early years following diagnosis, especially as women transition from active treatment to survivorship, have been identified as a time when distress is likely to occur (24) . Previous studies are also limited by inclusion of only a small set of factors examined for their influence on trajectory membership.
The present study uses finite mixture modeling in a larger sample of breast cancer patients (N ¼ 653) followed for a longer time than in other studies (up to 24 months postdiagnosis). The study had two objectives. First, we sought to identify groups of women who exhibit different trajectories of depressive symptoms following their breast cancer diagnosis. We hypothesized that there would be varying patterns (trajectories) of depression with some stable and some decreasing. Second, we also examined a large set of predictors, including sociodemographic factors, cancer treatment-related factors, and psychosocial variables, for associations with trajectory group membership. Variables were selected for inclusion in analyses if they were related to depression in our previous analyses and/or in the literature. We hypothesized that age (3, 12, 22, 25) , having children under age 18 at home (2, 12, 25) , treatment characteristics (20, 22, 25) , symptoms (20, 23, 25) , illness intrusiveness (25) , spirituality (25, 26) , and social support (3, 25) would be related to trajectory group.
Materials and Methods

Participants and procedure
This longitudinal observational study was conducted among women ages 25 years and older who were newly diagnosed with stage I, II, or III breast cancer. Details have been reported previously (25) . Briefly, recruitment was conducted at Memorial Sloan Kettering Cancer Center (New York, NY) and the University of Texas -Southwestern Center for Breast Care (Dallas, TX) from 2002 to 2006; women were followed until 2008. Women were recruited through hospital clinics and advertisements and initially screened by chart review or telephone for eligibility. Eligibility criteria included first-time breast cancer diagnosis, stage I-III at diagnosis, completion of baseline survey within 8 months of diagnosis, at least 18 years of age (although no one in the study was younger than age 25), and ability to read and understand English. Eligible women were mailed a baseline questionnaire to complete and return to the Coordinating Center at Wake Forest School of Medicine (Winston-Salem, NC). Follow-up questionnaires were administered 6, 12, and 18 months post completion of the baseline questionnaire (6-26 months post diagnosis). Chart reviews were conducted one year after diagnosis to assess cancer stage and treatment variables.
All sites obtained approval from their Institutional Review Boards.
Measures
The Beck Depression Inventory (BDI) version BDI-1A (27), a 21-item scale used to assess depressive symptomatology/general distress, was measured on each of the four surveys. The BDI ranges from a possible low of 0 to a possible high of 63, with a score of 10 and above considered indicative of depression warranting clinical attention (28) .
Predictors included patient-related characteristics, cancer-related variables, and psychosocial variables. Patient-related characteristics included age at diagnosis, race (white/non-white), marital/partnered (yes/no), college educated (yes/no), presence of children under age 18 in the home (yes/no), level of difficulty paying for basic necessities (very or somewhat hard vs. not at all hard), and first-degree family history of breast cancer (yes/no) in a female relative (i.e. mother, sister, or daughter). Cancer-related variables, taken from chart reviews, included stage at diagnosis, surgery type (lumpectomy versus mastectomy), chemotherapy regimen (regimen with doxorubicin, regimen without doxorubicin, and no chemotherapy), radiation therapy (yes/no), and hormonal therapy (yes/no). Three symptoms previously found associated with depressive symptomatology were included: severity of vasomotor symptoms and fatigue (both measured on a 4-point ordinal scale ranging from none to severe, as used in the Women's Health Initiative (29) and physical pain, measured on a 6-point ordinal scale from the SF-36 (30) .
Several psychosocial variables were evaluated for their association with BDI trajectory group membership. Spirituality was measured by the Functional Assessment of Chronic Illness Therapy-Spiritual Well-Being (FACIT-Sp) scale (31), a 12-item scale with two subscales: meaning and peacefulness in one's life and the role of faith. Subscale scores range from 0-32 for meaning and peace (coefficient a ¼ 0.81) and 0-16 for the role of faith (coefficient a ¼ 0.88). Higher scores indicate a greater degree of the construct. The Illness Intrusiveness Scale assessed the degree to which breast cancer diagnosis and treatment affected thirteen life areas: health, diet, paid work, active recreation, passive recreation, financial situation, relationship with spouse, sex, family relations, other social relations, self-expression, religious expression and community (32) . Total scores range from 16-112 with higher scores indicating greater intrusiveness (coefficient a ¼ 0.93). Social Support was assessed by the RAND Social Support Scale (33) , which contains 19 items measuring four aspects of support: emotional support, tangible support, affection, and social interaction. The total social support score ranges from 1-5 (coefficient a ¼ 0.97).
Statistical analyses
The group-based SAS finite mixture model procedure PROC TRAJ (34) was applied to identify distinct subgroups of women who followed similar trajectories over time in their BDI scores. This technique identifies distinctive time-based progressions and can model variables with a censored normal distribution (35). The censored normal distribution accurately describes the distribution of scores for the BDI in our sample, where there is a cluster of data at the low end of the scale. The procedure assumes that missing data are missing completely at random (35).
All trajectories were modeled as functions of time since diagnosis, which served as a more clinically meaningful metric than time since the baseline survey, which ranged from 1 to 8 months after diagnosis.
Models were tested that contained from two to seven trajectory groups. We used a combination of a statistical criterion (the Bayesian Information Criterion; BIC) and judgment (i.e., minimum observed group size of 10% and/or distinctively different trajectories) to select the number of trajectory groups. A higher BIC indicates a better model fit.
On the basis of the recommendation of Nagin (35), all trajectory groups were modeled, including an intercept and a linear and quadratic term for time since diagnosis. The BIC was used as an initial guide in determining the optimal number of trajectory groups within each of the domains. When the BIC pointed to a model where the number of groups appeared higher than optimal because of repetition of similar trajectories, a more parsimonious model with fewer trajectories was chosen. The TRAJ procedure assigns posterior probabilities of group membership to all individuals in the data. These probabilities measure a specific individual's likelihood of belonging to each of the model's trajectory groups. For each of the domains investigated here, individuals were assigned to the trajectory group for which they had the maximum posterior probability. For all graphic displays, both the observed mean BDI scores over time are shown for the women assigned to the particular trajectory group as well as the predicted, or expected, trajectory plot line based on the linear and quadratic terms in the trajectory model.
After women were assigned to trajectory groups, associations between group membership and the previously described patientrelated, cancer-related, and psychosocial covariates were assessed using c 2 tests (for categorical variables) and F-tests (for continuous variables). For the continuous symptom and psychosocial measures, we assessed trajectory group differences in the estimated values at 4 months (the median time from diagnosis to baseline). PROC MIXED was used to model the repeated longitudinal measures of these variables using time (months since diagnosis), time squared, and trajectory group membership as independent variables. Estimated means for each of these variables at 4 months were obtained using "estimate" statements for each of the trajectory groups.
All analyses were carried out using SAS version 9.3.
Results
Participants
A total of 740 surveys were mailed out to women deemed eligible from chart reviews or telephone screening; 653 of these women completed baseline surveys and were determined eligible for an initial response rate of 88%. A total of 565 women remained in the study and completed all four surveys for a retention rate of 86.5%. Sample characteristics are shown in Table 1 . The sample was predominantly Caucasian, well-educated women who were diagnosed with stage I or stage II disease and who had a mean age close to 55 years. The average time between diagnosis and administration of the baseline survey across all the women in the sample was 4.5 months (range ¼ 3 days to 7.4 months). There were no significant differences by trajectory group in mean time since diagnosis. Table 2 displays the BIC for different trajectory models, each model corresponding to a differing number of allowed trajectory groups, ranging from two to seven, along with the estimated percentages of the sample that fell into the trajectory groups resulting from the model. These estimated percentages are based on sums of posterior probabilities, and thus differ slightly from the percentages reported earlier, and from those reported in Fig. 1 , which are based on the actual number of women assigned to the groups. Although the largest BIC (i.e., the smallest in absolute value of the negative BICs) of any of the models was associated with the seven-trajectory model, the increase in information (i.e., the change in BIC) from six to seven trajectories was miniscule. The change in BIC for all the previous models was comparatively large. The six-trajectory model allowed for greater refinement of the different groups who had higher levels of BDI over time compared with the refinement allowed by the two immediately smaller models. An increase to seven trajectories did not appear to add any new information over the six trajectory model.
Model selection
The posterior probabilities associated with group assignment in the six-trajectory model ranged from 0.37 to 1.0, with 76% of all participants having their posterior probability of group assignment above 0.75. Fifty-three percent of the sample had a posterior probability above 0.90.
Using a combination of information from the BIC and observation of the distinctiveness of trajectories, the six-trajectory model was selected as the best model to describe the data, even though the sixth trajectory group, composed of those with consistently high levels of BDI, was made up of only 1.1% (n ¼ 7) of the entire sample. Because this group was so small, we neither provide descriptive data on it below, nor conduct inferential statistical analyses on it. We also did not combine these women with those of any other trajectory, because of their unusually high BDI levels.
Description of depression trajectories
As seen in Fig. 1 , slightly more than half the sample (n ¼ 334, 51.1%) fell into groups 1 and 2, both of which had consistently low levels of depressive symptoms over time, with group 1 essentially not reporting any depressive symptoms. Almost a third of the sample (n ¼ 191, 29.2%) fell into group 3, which had a consistently borderline level of depressive symptoms. Their BDI score hovered around 10, which is cited by some as indicative of clinically significant depression (28) . Women in group 4 (n ¼ 74, 11.3%) showed some decline in depressive symptoms over the first year, but still had a BDI score above 10 at 24 months. Group 5 (n ¼ 47, 7.2%) showed a rise in depressive symptoms around 10 months postdiagnosis that remained fairly high. Finally, as noted above, a small group of women (n ¼ 7, 1.1%) in group 6 reported consistently high BDI scores (around 30). Table 3 presents characteristics of each trajectory group (with the exception of group 6), along with corresponding significance test results and P values. Table 4 shows the estimated means (at 4 months postdiagnosis) of symptoms and psychosocial measures for each group. There were significant differences across groups in many of these measures, with clear general profiles emerging. Levels of many characteristics paralleled levels of BDI. Of all groups, the steady very low and low groups (Groups 1 and 2) were most similar in profiles.
Associations with trajectory group membership
Relative to all other groups, women in group 1 were the oldest and had the most favorable cancer-related characteristics (i.e., early stage at diagnosis, lumpectomy). They were the least likely to report receiving hormonal therapy, and, along with group 2, were least likely to report chemotherapy. They were also the least likely to report difficulty paying for basics and most likely to be non-Hispanic white. They reported lowest levels of physical symptoms (vasomotor, pain, and fatigue) and illness intrusiveness, and highest levels of spirituality-meaning/peace and social support.
Women in group 2 were the second oldest group and were the second most likely of all the groups to be diagnosed at stage I and to have a lumpectomy. They reported low levels of symptoms and illness intrusiveness scores and high levels of meaning/peace and social support. Along with group 1, they were least likely to report chemotherapy. However, they were the most likely to report hormonal therapy.
The characteristics of women in group 3 were generally intermediate between those of Groups 1 and 2 and Groups 4 and 5, in terms of stage at diagnosis, receipt of chemotherapy, type of surgery, and measures of symptoms and illness intrusiveness.
Women in group 3 were second most likely, after group 2, to report receiving hormonal therapy.
Women in group 4 started out with a high BDI and experienced some decline over time. They were the youngest women on average, and, along with women in group 5, were most likely to report having children under age 18 at home and experiencing vasomotor symptoms. Women in group 4 were also the most likely to have cancer-related difficulties: they were likely to be diagnosed at a later stage and most likely to have chemotherapy with doxorubicin, to have had a mastectomy, and had the highest level of illness intrusiveness.
Group 5 showed high levels of depressive symptoms throughout the 24 months, and even showed a slight increase over time. The women in group 5 were the most likely to be non-white and to report difficulty paying for basics. They were second to group 1 in being unlikely to receive hormonal therapy. They also reported the lowest levels of social support.
Discussion
Consistent with our initial hypothesis, multiple distinct patterns of depressive symptoms emerged in our sample of breast cancer survivors. Just over half of the sample reported consistently low levels of depressive symptoms over time and the other half showed a variety of different trajectories. This trajectory analysis goes beyond conventional analyses that examine only mean levels of depression in predetermined strata to present a more detailed portrait of women displaying different response patterns, including a group of women for whom depressive symptoms do not decline.
There are some consistencies between our results and those of other studies, especially in our finding a relatively large proportion of women with few or no depressive symptoms following diagnosis (12, 20, 21) . Combining the very low and low groups, 51% of our sample was well below the BDI cut point of 10 for depression throughout the 26 months postdiagnosis. Among 172 breast cancer survivors followed from diagnosis to up to 6 months (21) found that 46% of their sample reported no distress on the General Health Questionnaire and another 33% reported distress only during active treatment. In their sample of 398 women assessed before surgery and 6 months after surgery, Dunn and colleagues (12) found that 39% of women were well below the cutoff point on the CES-D in the 6 months following surgery. A study of 285 Chinese women (20) found that 66% of women were in a resilient group on the Chinese Health Questionnaire over an 8-month postsurgery period. Although specific percentages differ, all of these suggest a relatively large group of women who do not show signs of depressive symptoms following a breast cancer diagnosis. Such results support the call for psychosocial interventions to be targeted toward those in need, rather than promoted to all women (36) . However, perhaps due to our larger sample size and resulting greater statistical power, we also found more distinct trajectories than previous studies (12, (20) (21) (22) (23) . Importantly, we also found close to 20% of women who still had elevated depressive symptoms at least 24 months postdiagnosis and who may be in need of intervention. Although comparisons with other studies are difficult due to variations in measures and samples, the percentage of women in the present study with depressive symptoms is higher than figures reported from an NHANES general population study (37) , where 9.8% of the sample ages 40 to 59 and 5.4% of those 60 and older were found to have moderate to severe depressive symptoms. However, the percentage of women in our sample who report depressive symptoms is less than figures reported among other patient groups. Studies using the BDI found that 51% of congestive heart failure patients (38) , 46% of patients seeking reconstructive services following burn injuries (39) , and 51% to 65% of patients with systemic sclerosis had BDI scores >10 (40). Finally, 31% (computed as a weighted average across studies) of patients hospitalized following myocardial infarction were reported to have BDI scores >10 (41) .
Although previous studies of depression trajectories have identified a group of women that recover over time (12, (20) (21) (22) (23) , our data would suggest that this recovery may hit a plateau for some. We also found a group that showed an increase in depression that has not been found by others. These findings reinforce recommendations that screening for depression continue from the point of diagnosis onward (10) .
The present analyses found a range of variables that distinguished the trajectory groups: age at diagnosis, difficulty paying for basics, race, having children under age 18 at home, cancer stage, chemotherapy, hormonal therapy, symptoms, spirituality, social support, and illness intrusiveness. Except for chemotherapy, cancer stage, and having children under 18 at home these variables were either not included in other trajectory studies or did not significantly distinguish trajectory groups that had a more limited range of covariates and smaller sample size, although they have been found by others to be related to depression (2, 3, 12, 20, 22, 23, 25, 26) . The present trajectory analysis goes beyond previous analyses in several ways. First, they uncover important new patterns of heterogeneity in level of depressive symptomatology among women following a breast cancer diagnosis. Second, the current analyses aid in identifying early levels of factors (e.g., high levels of illness intrusiveness and symptoms) that appear to be predictive of specific trajectories of continued depressive symptoms. Of additional note, we found that the distinction between chemotherapy with and without doxorubicin is an important one that previous studies have not made. There are several limitations of the present study. First, we may have underestimated the percentage of women who maintain high levels of depressive symptoms. As has been recognized in other longitudinal studies (12, 21) , women who do not remain in a study may be having more difficulty than those who complete all surveys. Women who dropped out of our study had a significantly higher mean BDI level at baseline (mean ¼ 10.1) than those women who remained in the study for at least two of the four surveys (mean ¼ 8.1) and may have continued to have high levels of depressive symptoms. They were also likely to be younger. We conducted a sensitivity analysis to examine whether the women who did not have BDI data at all four time points exerted a meaningful influence on our trajectory analysis. When we limited our trajectory analysis to only women with complete data, we obtained the same 6-group optimal solution (according to the BIC), and each of the six groups contained close to the same percentage of the sample as they did in our reported analyses. We are thus confident that missing data did not unduly influence our findings or our conclusions about major trajectory patterns. Second, the BDI is a self-report measure of depressive symptomatology and not a measure of clinical depression. Furthermore, although characteristic of many samples of breast cancer patients, this sample is relatively homogeneous (mostly white and educated), which limits the generalizability of our findings. Another limitation is that the maximum follow-up was 26 months postdiagnosis. Finally, a prediagnosis measure of depression (or at least a history of depression) may provide additional insight into the women comprising the different trajectory groups and especially group 6, the group that had very high depressive symptoms that we were unable to analyze statistically because of small size. Women who fall into such a group may be the most in need of clinical intervention.
Strengths of this trajectory analysis over previous trajectory analyses include larger sample size, longer time period covered, and a wider range of predictors. This study has several implications for both research and clinical care. The use of finite mixture modeling provides insight into the heterogeneity of women's depressive symptoms following breast cancer; traditional analyses rely on averages taken across such latent heterogeneity. This analytic approach could be applied to other symptoms or outcomes to help identify specific groups of patients most in need of intervention. Some factors related to trajectory membership such as illness intrusiveness, social support, fatigue, pain, and vasomotor symptoms suggest targets for possible intervention.
These results also have implications for clinical care. Approximately 20% of women had levels of depressive symptoms indicative of clinical depression and another 29% had borderline levels that were maintained 2 years postdiagnosis, thus indicating the need for continued screening. These results clearly support the ASCO recommendations for continued screening for depression even after the end of treatment (10) . Untreated depression is a significant problem that has implications for quality of life, treatment adherence, and mortality (5-9).
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